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CONCLUSIONS FROM WIM STATOR IITFSTIGATION 
By Harold E. Rohlik, W i l l i a m  T. Wintucky, and Thomas P. Moff itt 
Two turbine stator configurations were designed in   o rder   to   inves t i -  
gate the ef fec t  on ttlrbine performance of either reducing or eliminating 
stator-blade wakes, secondary-f Low loss accumulations, and circumf'erential 
var ia t ions in  total  pressure at the  s t a to r  exits. One configuration, the 
semivaneless stator, consisted of a blade row that turned the air at flow 
radii greater than those at the rotor entrance and, therefore, a t  lower 
velocit ies,  and then accelerated it i n  a vaneless passage of decreasing 
radii. Tbe other configuration provided a vaneless annular passage be- 
tween the s t a to r  and the rotor conq?arable i n  length t o  the vaneless sec- 
t i o n  of the semivaneless stator. Both s td tors  were tested w i t h  the ro to r  
of the s tandard  turbine  previously  investigated and reported, and r e su l t s  
are  compared herein with those  obtained w i t h  the standazd  turbine. 
The semivaneless s t a to r  caused poor rotor  performance i n  that  the 
turbine  produced  only 96.5 percent of design work at desfgn speed with a 
turbine total efficiency of 0.8L5, compered with 0.863 obtained  with  the 
same rotor  and the standard  stator. 
Rotor performance obtafned with the s tandard  s ta tor  with spacer w a s  
better than that obtained w i t h  the standard configuration. This -rove- 
ment apparently  resulted from the f a c t  that, with th i s  spacer, the s ta tor -  
blade-wake mixing losses were incurred upstream of the rotor  while,   in 
the standard configuration, some mixing occurred i n  the ro tor  and there- 
fore  w a s  measured as a ro tor  loss. Design specific w o r k  was obtained a t  
design  speed with an  efficiency of 0. &47. 
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The investigation of s t a t o r '  secondary flows showed that stator-blade 
wakes and seconbzy-flow accumulations can be effect ively and e f f i c i en t ly  
eliminated. 
No configuration studied i n  the stator  investigation improved the 
over-all  performance previously obtained with the  standard  stator  located 
immediately upstream of the  rotor. This lack of improvement is believed 
t o  be  cawed  partly  by  near-critical  rotor-blade  loadlug that made the 
blade boundary layers s d ~  ject   to   separat ion with small chsnges i n  loss 
dist r ibut ion and turbulence level .  rp u 
W 
I- 
An investigation of the  effects  of s t a t o r  and rotar secondary flows 
on over-all  performance of a transonic turbine is being conducted a t   t he  
NACA L e w i s  laboratory. Evaluation of these effects  i6 being made by 
studying the changes in   over -a l l  performance and internal-flow conditions 
that result from modification of secondary-f l o w  patterns. Reference 1 
presents the design and over-all perfmance of the standard turb ine ,  as 
well as a detailed picture of internal-flow conditions at design-point 
operation of the turb ine .  . .  
Two turbine-stator configurations were designed in  order  to  inveet i -  
gate   the  effect  on turbine performance of reducing the circumferential 
variations in velocity.  A semivanelees s t a to r  was designed t o  t u r n  the  
air i n  a blade row t o  design moment of momentum a t  hub and t i p   r a d i i  
greater than the rotor h a  and t i p   r a d i i  and a t   r e l a t ive ly  low velocit ies.  
Acceleration t o  design rotor-inlet conditions is then completed i n  a 
vaneless section that mixes the wakes and secondary-flow loss accumulations 
which developed in  the  b lade  row a t  low-energy levels. Detailed informa- 
t i o n  on the design method and analysis of flow conditions i n  the vaneless 
parrt of this s t a t o r  is given in reference 2. The other stator configura- 
t ion  consisted of a conventional stator-blade row followed by a vaneless 
annular spacer approximately equal i n  length t o  the vaneless part of the 
semiv&nelese s ta tor ;  t h i s  stator permitted mixlug a t  design stator-exit 
kinetic-energy levels. 
The primary purpose of the present report is t o  give i n  de t a i l   t he  
rotor-inlet flow conditions caused by each of the two s t a to r s  and the 
turbine performance with each stator. Turbine performance is presented 
i n  terms of speciffc work, weight flow, and efficiency over a wide range 
of speed and pressure  ratios,  as well  as  the  local  efficiency  distribution 
at  the rotor  exi t  obtained at design sgeed near design work. These rei 
s u l t s  are compared with information obtained i n  a similaf. investigation 
with the standard stator and the same ro tor  (ref. 1). The secondary 
purpose of th i s  report is t o  present the major conclusions drawn from 
the   en t i re   s ta tor  secondary-f l o w  investigation. 
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specific enthalpy drop, Bu/B 
mean caxiber length, f t  
ro ta t ive  speed, r p m  
absolute gas pressure, Ib/sq ft 
radius, f t  
blade velocity,  f t /sec 
&solute gas velocity, ft/sec 
r e l a t i v e  gas velocity,  f t /sec 
weight flow, B/sec 
absolute gas-flow angle measured from axial direction, deg 
r e l a t ive  gas-flow angle measured from axial direction, deg 
r a t i o  of specific heats 
r a t i o  of in le t -a i r   to ta l   p ressure  t o  MACA standard  sea-level  pressure 
of 2116 lb/s q ft 
function of y, - 
t o t a l  elf iciency; r a t i o  of turbine work based on torque, w e i g h t  f l o w ,  
and speed mea.sure~nts  t o  idea l  work based on i n l e t  t o t a l  tempera- 
tu re ,  and i n l e t  and out le t   to ta l   pressure,  both defined as sum of 
s ta t ic   pressure  plus   pressure corresponding t o  gas velocity calcu- 
la ted  from flow area and continuity 
ra t ing  eff ic iency;   ra t io  of turbine work based on torque, w e i g h t  
flow, and speed measurezeents t o   i d e a l  work based on i n l e t   t o t a l  
temperature, and i n l e t  and outlet   total   pressure,   both  defined as 
sum of  s ta t ic   p remure  plus pressme corresponding to   ca l cu la t ed  
average ax ia l  component of velocity 
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eCr s q m e d  r a t i o  of c r i t i ca l  v e l o c i t y  a t  t u r b i n e  i n l e t  t o  c r i t i c a l  
velocity a t  NACA s t a n w d  sea.-level temperature Vcr/V,r,BZ 
B effective  rotor-blade momentum thickness  based on turbine over-all 
performance, f t  
e* momentum-loss parameter defined as r a t i o  of t o t a l  momentum thick-  
ness to blade spacing 
rcI 
Subscripts : 6-l r UI 
cr conditions at Mach number of 1.0 
SZ NACA standard  sea-level  conditions 
u t angent ia l   d i rec t ion  
X axial direct ion 
0 s t a t ion  upstream of stator 
1 s ta t ion  at t b o a t  of s t a t o r  passage 
2 s t a t ion  at out le t  of statcw just upstream of trailing edge 
2a s t a t ion  a t  ou t l e t  of semivaneless  tator-blade row 
3 s t a t ion  at free-stream condition a t  r o t o r   i n l e t  
4 s t a t ion  at throa t  of rotoy  passage 
5 s t a t ion  at out le t  of ro tor  just upstream of trailing edge 
6 s t a t ion  downstream of turbine 
Superscript : 
1 absolu te   to ta l  state 
APPARATUS, l X S m A T I O N ,  AND PROCEDURE 
The test apparatus and the method of calculating the s t a to r  and 
turbine. performance panmeters are the same as th&e use-d i n  reference 1. 
Reference 2 describes i n   d e t a i l  the design and performance of the semi- 
vaneless stator. The three stator configurations discussed in t h i s  
. .. .._.- .. 
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report (including the standard stator previously reported in ref. 1) were 
designed to produce the station-3  velocity diagram shown i n  figure 1. 
The blade row of the semivaneless s t a to r  w a s  designed f o r  the s ta t ion  2(a)  
velocity diwams also shown i n  figme 1. The semivaneless stator and 
the standard stator w i t h  spacer are diagramatically shown i n  figures 2 
and 3, respectively. Two concentric cylindrical spacers were installed 
between the standard  stator and the rotor   to   provide a constant annular 
area at constant hub and t i p  radii and a flow path approximately equal i n  
length t o  that of the t ransi t ion sect ion of the semivaneless stator. 
- 
The mthod of turbine  operation used to  obtain  over-al l  performance 
and annular surveys w a s  the same as t ha t  used in reference 1. Surve s 
were made at  s t a to r  and rotor  exi ts  (s ta t ions 3 and 6, figs. 2 and 37 
with  the  rotor  operating at design speed and new design work. 
Stator  Surveys 
Results of annular surveys of t o t a l  pressure made at the stator exit 
were used t o  prepare contours of to ta l -pressure   ra t io   for  each s t a to r  
configuration. 
The contours for the semivaneless s t a to r  (fig. 4(a) 1 show almost 
complete mixing with t races  of the blade w a k e s  in ,  and close to,  the 
outer-wall boundary layer only. The calculated total-pressure ratio cor- 
responding t o  these contours was 0.973, which indicates that th is  method 
of stator-blade loss control  provided  efficient mixing during the accel- 
e r a t i o n   i n  the vaneless part of the stator. 
The contours of figure 4 0 }  show the loss pat te rn  a t  s ta t fon  3 w i t h  
the standard stator with spacer. This s ta tor ,  which mixes the blade 
w a k e s  and secondary-flow Etccumulations at the  high kinetic-energy levels 
corresponding t o  the veloci ty  aagrams shown i n  figme 1, provides cam- 
p k t e  mixing i n  the inner half of the annulus and considerable mixing i n  
the outer half. The wakes and Loss cores i n  the outer half of the pas- 
sage ere clearly defined, but the maximum loss i n  the cores is about 0.08, 
compared with 0.16 inmediately behind the blades, as s h m  i n  figure 4(c), 
which is taken f rom reference 1. Losses developed i n   d i n g  a t  this 
energy l e v e l  were much larger than  in  the semivaneless stator. The over- 
a l l  to ta l -pressure   ra t io   for  this configuration was 0.946. 
Figure 4(c) shows contours of total-pressure ratio obtained from 
surveys made about 3/4 inch downstream of the standard stator-blade 
t r a i l i n g  edges f o r  comparison w i t h  f igures 4 (a} and (b) . The blade 
wakes and secondary-flow accumulations are clearly defined, and the t o t a l -  
p ressure  ra t io  for  this stator was 0.975. 
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Figure 5 shows the radial  distribubion of the momentum-loss parameter 
8* f o r  the standard stator, the semivaneless stator, and the standard 
s t a to r  with spacer. The momntum-loss distributions f o r  the standard and 
the semivaneless stators are comparable, with slight local  var ia t ion6  i n  
leve l  and with a thicker inner-wall boundary layer  indicated  for the semi- 
vaneless stator. The standard stator with spacer, however, resulted i n  
greater momentum losses at a l l  radii, with thicker boundary layers i n -  
dicated on both inner and olrter walls. 
- 
Ip u v 
I- 
Stator-exit surveys of total   pressure and flow angle were used with 
static  pressures  obtained from a radial curve fa i red  between wall  s t a t f c -  
pressure measurements t o  compute the radia l   d i s t r ibu t ion  of moment of 
momentum fo r   t he  two stator configurations described i n  this report, i n  
order t o  evaluate stator performance i n  terms of work poten t ia l  for  the 
rotor. Figure 6 shows that  both s ta tors  performed sa t i s f ac to r i ly  i n  this 
respect with s l i gh t ly  more than design moment of momentum i n  most of the 
free stream and with  less   in  the wall boundary layers. 
Relative flow angles were calcuhted  by  using  static  pressures r e d  
from the curve faired between wall measurements and measured values at 
total pressure, absolute flow angle, and wheel speed. 
Figure 7 shows design and experimental radial distriblrtions of re la -  
t i v e  flow angle f o r  the semivaneless a ta tor  and the  standard s ta tor  with 
spacer and indicates very small incidence angles i n  all but the wall 
boundary layers. 
Figures 6 and 7 show that both stators performed sa t i s f ac to r i ly  i n  
se t t ing  up design flow conditions for the rotor.  The moment of momentum 
is uniformly distributed from hub t o   t i p  a t  a l eve l   s l igh t ly  above the 
design value, and the angle distribution indicates good incidence 
characterist ics.  
Over-all Performance with Semivaneless Stator 
Performance maps based on total-pressure and ra t ing  pressure r a t io s  
are shown i n  figure 8 for turbine operation with the semivaneless stator. 
Maximum work obtained a t  design speed was only 20.95 Btu per pound, 3.5 
percent below the design value of 21.70 Btu per pound. Turbine effi-  
c iencies   in  the high speed - high work part of the maps were considerably 
lower than the efficiencies obtained with the standard stator of reference 
1. 
Maximum total   efficiency  obtained with the  semivaneless s ta tor  w a s  - 
0.823 and occurred at 110 percent design speed ne- Limiting work. Max- 
imum rat ing  eff ic iency was 0.822 and also occurred a t  110 percent design 
speed near limiting work. Design-point total  eff ic iency for  the s tandard 
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The di f fe rence   in   to ta l -pressure   ra t io  between the standard  s ta tor  
of reference 1 and the sendvaneless stator w a s  0.002, which would result 
i n  a difference of 0.002 in   tu rb ine   e f f ic iency  at design work if ro tor  
performance remained unchanged. The measured difference in  eff ic iency 
ne= design work,  however, was 0.048. It is  apparent that rotor-blade 
performance was considerably  poorer when operated  behind the semivaneless 
s t a to r  rather than the standard stator.  A n g l e  measurements made at the 
rotor  exit during performance tests confirmed this  by showing a r a d i a l  
variation of 150 in   absolute  f l o w  angle with a positive value at the nid- 
span of 5.9O, compared with the design value of -5.1°. This variation, 
when converted to r e l a t ive  f l o w  angles w i t h  measured air velocity and 
wheel speed, means that the   ro tor  tu rned  the air 10.20 less than design 
turning at the blade midspan. 
Underturning near the rotor-blade midspan w a s  eqer ienced  t o  a lesser 
degree w i t h  the standard stator and is discussed in  re ference  1. This 
underturning apparently is the result of rotor-blade boundary-layer be- 
havior. The same type of boundary-layer behavior w a s  encountered i n  the 
investigation of reference 3 and is discussed in  detail therein.  In  
brief, the rotor blade of reference 3 was designed for r e l a t i v e l y  high- 
pressure surface diffusion, as w a s  the ro tor  of this investigation; this 
design could result i n  a thickening of the boundary layer on the pressure 
surface near the leading edge and thus provide a path f o r  blade boundary- 
layer f l o w  toward the h&, because the radial pressure force associated 
with the high l eve l  of w h i r l  w o u l d  predominate over centrifugal  forces.  
The accumulation of low-velocity material at the   ro to r  h&, resulting 
from rotor secondmy flows and the stator  inner-wall  bounaajry layer, 
would then f luw radially outward in   the   b lade  boundary layers near  the 
t r a i l i n g  edge, where centr i fugal   forces  would predominate over pressure 
forces because of the reduced w h i r l .  It was further theorized in  refer-  
ence 3 that the net   effect  of these flows would be an accumulatfon of 
loss material near the blade ntdspan at the  ro tor  exit. The underturning, 
then, apparently results from poor rotor-blade element performance at the 
midspan induced by the thickened boundary layers, which might cause 
separation and consequently kss-than-design loading. 
The difference  in  limiting work between the standard turbine and the 
turbine w i t h  the semivaneless stator resulks directly f r o m  a loss of 
turning a t  the rotor  midspan, which i n  t a n  i s  related to rotor-blade 
boundary-layer behavior and is not the result of a lack of c i r cmfe ren t i a l  
momentum at t h e  s t a t o r  exit or rotor incidence angles. The deterioration 
i n  rotor-blade performance appears to r e s u l t  from a lower turbulence Level 
with the semivaneless s t a to r ,  which consequently means a greater l ike- 
lihood of separation and loss of blade loading. The turbulence level 
- 
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a t  the semivaneless stator ex i t  w a s  lower than  a t  the exit of the Etandard 
s ta tor  because of the lower kinetic-energy level in the vicinity of the 
blades, where the random velocities contributing to turbulence originate. 
Acceleration i n  the vaneless part is accomplished without local  disturb- 
ances i n  flow, so that turbulent energy would comt i tu te  a smaller frac- 
t i o n  of the t o t a l  kinetic  energy  at   the stator exit   than it would with 
the standard stator, where the blades 6up~Or- t  large velocity gradients at 
the higher energy levels. The rotor blade used in  th i s  i nves t iga t ion  
w a s  designed fo r   r e l a t ive ly  high loading and high blade surface diffusion, 
as described i n  reference 1. Because of this high diffusion, the boundary 
layer appears t o  be somewhat unstable and is l ike ly  to  separa te  as a resu l t  
of only slight changes in turbulence level. . A  ro to r  designed f o r  more 
conservative blade loading might not respond t o  the difference in 
turbulence. 
L 
I 
Over-all Performance with the Standard  Stator  with Spacer 
Turbine performance maps based on total-pressure and rating  pressure 
r a t io s  are s h m  i n  figure 9. Limiting work a t  design weed is s l igh t ly  
above design work and is approximately  equal t o  t h e  m t i n g  work  meas- - 
ured with the standard configuration of reference 1. Weight flow obtained 
with this configuration at design speed and work waS 1 percent lower than 
that obtained with the standard stator of reference 1. This difference 
par t ly  offset  the increase in  equivalent  f l o w  a t  the s ta tor  exit caused 
by the mixing losses and permitted the s t a to r  to produce a near-&sign 
value of w h i r l  before the rotor  choked a t  this speed. Maxirmrm t o t a l  
efficiency  obtained w i t h  the standard  stator w i t h  spacer was 0.862 and 
occurred at 120 percent design speed near limiting work. M a x i m u m  ra t ing 
efficiency was 0.861 and occurred a t  about 133 percent design speed. 
Total  efficiency st design-point operation w a s  0.847, compared with 0.863 
obtained without the spacer. This difference of 0.016 is less than the 
loss in   turbine  eff ic iency caused by mixing loss between the s ta tor -  and 
rotor-blade rows and would r e s u l t   i n  a turbine loss of‘ 0.028 a t  design 
work if rotor pressure loss remained constant. Thie apparent Improvement 
i n   r o t o r  performance is probably the re su l t  of the uniform f l o w  at the 
ro to r   i n l e t ,  which eliminates stator-blade-wake mixing f’rom the r o t o r  
passages and the re fo re  r e su l t s  i n  the  Easu reFn t  of these losses entirely 
as  s ta tor  loss rather than rotor loss. Most important, however, i s  the 
fac t  that the  rotor  operated  considerably  mre  efficiently  with the 
standa3.d s t a to r  and spacer than w i t h  the  semivaneless e ta tor  at design 
speed, with a rotor-entrance flow distribution tbat w a s  approximately the 
same as that produced by the semivaneless stator. The difference in rotcrr- 
blade performance obtained w i t h  the two stators  apparently  results f’rom 
a Wf.erence i n  turbulence level at  the ro tor   in le t ,  with a higher turbu- 
lence level occurring a t  the   ex i t  of the standard s ta tor  with spacer. 
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Figure 10 shows the  radial dis t r ibut ion of rotor-exit absolute flow 
angle f o r  turbine  operation both with the semivaneless s t a to r  and with 
the standard stator with spacer and i l l u s t r a t e s  the difference  in  r o t o r  
performance in  the  middle par t  of the blade. A calculat ion relat ing 
turbine work and exit whirl at design rotor-inlet conditions, made i n  
order to check the differences in exit  flow angle shown i n  f igure 10, 
showed tha t  a loss i n  turbine work of 3.5 percent (the measured d i f f e r -  
ence i n  l imiting work a t  design speed between the configurations compared 
i n  f ig .  10) corresponds to a difference i n  ex i t  flow angle of 2.6O. The 
differences shown i n  f igure LO are of this magnitude. 
Rotor -Exit Surveys 
Results of rotor-exit surveys w e r e  used t o  ob ta in   the   rad ia l   d i s t r i -  
bution of local   to tal   turbine  eff ic iency;   this  is s h m   i n  f igure 11 for 
cu 
I the  standard  stator,  the  semivaneless stator, and the  standard s t a t o r  u with spacer. A l l  th ree   s ta tors  produce similar local   eff ic iency  dis t r ibu-  
V 
t i o n s   i n   t h a t  highest eff ic iencies  occur near the  end walls, while a 
region of l o w  efficiency occurs in the region of the mean section. The 
standard  stator w i t h  and without the spacer resu l t s   in   very  similar pat- 
te rns  of efficiency  distribution,  with a minimum eff ic iency  in   the middle 
part of the passage near 0.82 i n  both cases. The corresponfing efficiency 
obtained w i t h  the semivaneless stator was only 0.77, w h i c h  confirms the  
previously  noted  deterioration i n  rotor-blade performance ne- t he  
midspan. 
- 
The efficiency levels shown i n   f i gu re  11 are somewhat  higher than 
eff ic iencies  determined w i t h  over-all  performance measurements because 
of t he   f ac t   t ha t  the rotor-exit  survey measurements were made i n  a f ie ld  
of pulsating flow with 8 frequency  set  by  the  *eel speed and n M e r  of 
blades i n  the r o t o r .  Pressure measurements of this k ind  resu l t  in  an 
indicated  pressure that d i f f e r s  from the time average value to a degree 
and i n  a Zlirection depenaug on such variables as probe geometry, wave 
shape of the pulsations, pressure level, and Reynolds nmiber. The curves 
presented i n  figure 11 ere considered adequate for corqarison purposes, 
however, because they a l l  were obtained from measurements made at the  
same frequency and w i t h  the same instruments. 
Rotor-Blade KDmentum b s s  
The total-pressure ratios across the W e e   s t a t o r   c o n f i g ~ ~ r a t i o n s  
and the measured turbine  efficiencies at design speed ne= design work 
were used w i t h  turbine-geometry parameters to obtain values of t h e   r a t i o  
of rotor-blade effective-momentum thickness to blade mean c d e r  length. 
This parameter, described in reference 4, is an index of ro to r  performance. - The calculated  values were 0.0152, 0.0226, and 0,0143 for the  standard 
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stator, semivaneless stator, and standard stator with spacer, respectively. 
The apparent Improvement i n  rotor-blade performance obtained by placing 
the spacer between the standard stator and the rotar ,  and therefore com- 
pleting stator-blade wake mixing upstream of the rotor,  is shown here 88 
a 6-percent decrease i n  momentum thickness. The  momentum thickness ob- 
tained with the semivaneless s t a to r  was l.8.5 percent higher t h a n  that for 
the standard configuration of reference 1 and 26 percent higher than for 
the standard s t a to r  with spacer. 
The difference in turbine performance among the three stator-rotor 
coldbinations described herein and the conclusions reached are  believed 
t o  be valld became the same instruments and t e s t   f a c i l i t y  were used t o  
obtain a l l  data .  In  addi t ion to  this, the pr incipal  effect  of rotor-blade 
underturning was observed by two independent measurements: (I) t o t a l -  
temperature surveys, which showed different turbine temperature drops at 
the blade midspan; and (2) absolute flow angle surveys, w h i c h  showed a 
large  angle  variation with minimum t u r n i w  at the  blade midspan where 
less turning existed with the semivaneless stator than with the standard 
s t a to r  with spacer. 
SUMMARY QE' RESULTS 
An experimelrtal investigation of stator performance and over-all  
turbine performsnce w a s  conducted f o r  two tmbine configurations: one 
using a semivaneless stator, and the other using a standard stator with 
a spacer between the s t a t o r  and the rotor. Results of the investigation 
may be sumarized as follows: 
1. Both stators performed sa t i s f ac to r i ly   i n   s e t t i ng  up design moment 
of momentum and r e l a t i v e  i n l e t  flow angle t o  the rotor.  Surveys at the 
s t a to r  exit in both cases indicated nearly complete mixing of s ta tor -  
blade wakes, thick  inner-wall boundary layers, and c i r c d e r e n t i a l  uni- 
f ormity i n  total-pressure  distribution. 
2. The maximum work obtainable at design speed f'rom the turbine with 
the semivaneless stator w a s  only 96.5 percent of design work. This limit 
occurred because of poor ro tor  performance near the blade midspan, which 
turned the flow 10.2O less than design. The total  efficiency at this 
point was 0,815, compared with 0.863 for the standard turbine of refer- 
ence l operating a t  design w o r k  and speed. The maxirmnn t o t a l  e f f i c i ency  
obtained was 0.823 and occurred at U O  percent design speed n e w  limiting 
work. This drop in  e f f ic iency  (0.048) apparently resulted from a pro- 
nounced ef fec t  on rotor-blade boundmy-layer behavior. Mixing a t  the 
s ta tor  exi t  occurred at  a r e l a t ive ly  low kinetic-energy  level, and hence . 
the turbulence level w a s  low at the rotor inlet. 
3. Design w o r k  at design speed was obtained with the  standard  stator 
with spacer at sl ightly less than l imlting work. This r e s u l t  w a s  possl.ble 
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because the s t a to r   t h roa t  area was somewhat lower than  that  of the standard 
configuration; therefore the s t a t o r  could produce design whirl at design 
speed before rotor choking, despite the increase in equivalent flow induced 
by the s t a to r  mixing losses. Total efficiency at the design point w a s  
0.847, compared w i t h  0.863 f o r  the standard stator without spacer (ref. 1) . 
This 0.016 decrease in  e f f ic iency  is less than the decrease that would 
result f k o m  the increased stator losses if ro tor  performance remained the 
same. The apparent hprovement i n  rotor performance is explained by the 
f a c t  that stator-blade w a k e s  are completely mixed upstream of the ro tor  
and consequently do not contribute mixing losses   in   the   ro tor .  
A 
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d 
N 
1 
u u 
4. A plo t  of r ad ia l   va r i a t ion   i n   l oca l   t o t a l   e f f i c i ency  at the   ro tor  
exit showed that a l l  three s t a to r s  produced similar pa t t e rns   i n  that a 
region of low efficiencies  occurred at the mean height, with a minFrmnn 
of about 0.82 f o r  the standard stator with and without the spacer, and 
0.77 for the semivaneless stator. 
CONCLUDING REMARKS 
The investigation of s t a to r  secondary flows and t he i r   e f f ec t  on tur- 
bine performance has resulted i n  two major conclusions: 
1. The conventional turbine stator-exit Loss pat tern of blade wakes, 
w a l l  boundary layers, and secondary-f low loss cores can be e f f i c i en t ly  
modified as i n  the semivaneless s t a t o r   t o  a pa t te rn  of circumferential 
uniformity i n  flow angle and velocity. This can be accomplished while 
establishing a prescribed radial d is t r ibu t ion  of these parameters with 
deviations  only i n   t h e  w a l l  boundary layers. 
2. Three s t a to r  conf igura t lom were designed t o  modify the  conven- 
t iona l  s ta tor -ex i t  loss pattern: one to reduce only the secondary-flow 
loss cores, and the other two t o  mix the stgtor-blade wakes and the  loss 
cores. None of these configurations resulted in an improvement i n  over- 
a l l  turbine performance although, w i t h  each one, reasonable success was 
obtained i n  achieving particular object ives   regeding the s ta tor   losses .  
This leads t o  the conclusion that a conventional stator, with its char- 
a c t e r i s t i c  exit loss pattern,  is the most desirable of the types inves- 
t igated.  This conclusion must be qualified, however, since the rotor  
used to   evaluate  the s t a to r s  w a s  designed for near-cr i t ical  blade loading 
and surface diffusion. It is quite possible that a r o t o r  d e s i p e d  for  
conservative loading and low diffusion would operate more ef f ic ien t ly  
with a semivaneless s ta tor   than with a conventional stator-blade row 
located immediately upstream of the rotor .  
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(a) Semivaneless stator. 
Ffgure 4. - Contours of total-pressure ratio 
at exit measuring  station. 
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Figure 4. - Continued. Contoure of total-prcesure ratio at  exit 
msasurins station. 
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Figure 5. - Radial distribution of momentum-loss  parameter  at  stator-exit 
survey stat ion. 
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Figure 6 .  - RadFa l  varfatlon of moment of momentum at rotor entrance with 
turbine operating st design speed near limiting work. 
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(b) Wed on rating pressure ratio. 
Figure 8. - Conoludcd. Over-all turbine perfomnom with sfmivaneless stater. 
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Figure 9. - Over-all turblne p w f o m n c e  with Btandnzd e t a t o r  with apaaer. 
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Figure 10. - Radial distribution of rotor-exit absolute whirl angle f o r  
turbine operating at design speed near limiting  work. 
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Figure 11. - Radial distribution of local efficiency from rotor-exit 
surveys made at des ign  speed near design work. 
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